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MULTI-PURPOSE OVEN USING INFRARED HEATING FOR REDUCED COOKING TIME 

Background of the Invention Technology 
Field of the Invention 

[0001] The present invention relates to electric ovens, and more specifically, to an infirared 

heated electric oven having reduced cooking time and improved browning consistency. 

Backgroimd of the Related Technology 
[0002] Over the years there have been many attempts at finding ways to speed up cooking. 

Products such as convection, microwave, and infirared ovens have been devised in order to try and 
speed up the cooking process. With present day ovens, there were usually some tradeoffs the consumer 
had to accept in order to gain faster cooking speeds. Usually cooking quality would be sacrificed in 
favor of speed. This is why microwave ovens for warming and cooking of foods have made such a 
significant penetration in to the home. There is a significant gain in speed using microwave cooking, 
however, the cooked food quality is very poor. Heretofore, consumers have been willing to consume 
poorer quality prepared foods in order to enjoy the faster warming and/or cooking time. Unfortunately 
foods cooked in a microwave oven have substantially all of their moisture evaporated by the 
microwaves and thus suffer fi*om a lack taste. For other cooking technologies like convection and 
infirared, consumers were forced to accept minimal speed increase with the convection ovens, and very 
limited cooking quality and time improvements with the infi-ared ovens. Infrared ovens perform faster 
when cooking frozen pizzas and toasting bread, however, the infrared ovens lacked in achieving good 
quality and speed in other cooking tasks. 

[0003] Therefore, a problem exists, and a solution is required for improving the speed and 

quality of cooking food with infrared radiant heat. 
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Summary of the Invention 

[0004] The invention remedies the shortcomings of current infrared oven cooking technologies 

by providing an infrared oven using radiant heat at infrared wavelengths optimized for producing rapid 
and uniform cooking of a wide variety of foods. The infrared oven disclosed herein can toast, bake, 
broil, and re-heat food at a much faster speed while maintaining high quality in taste and appearance of 
the cooked food. The present invention utilizes substantially optimal infrared wavelengths of the 
radiant heat sources, resulting in a good balance of short, medium and long wavelength infrared radiant 
heat for the best balance of cooking performance, while also reducing the time required to cook the 
food. 

[0005] Typically short to medium wavelength infrared radiant energy will resuU in good 

performance for toasting and browning of food. Medium to long wavelength infrared radiant energy 
are well suited for delivering more deeply penetrating radiant energy into the food. This deep 
penetration of radiant infrared heat energy results in a more thorough intemal cooking of the food than 
with conventional methods of conduction and convection cooking. 

[0006] It is contemplated and within the scope of the invention that selected infrared 

wavelengths of the radiated heat may be used to effectively defrost the food without adding 
significantly to the time required to fiiUy cook the food. 

[0007] The invention may emit a plurality of infrared wavelengths of radiated heat, wherein the 

plurality of infrared wavelengths are selected for optimal heat penetration and surface browning of the 
food. Shorter wavelengths for browning and slightly longer wavelengths to penetrate the food for 
evaporating the moisture therein to allow surface browning by the shorter wavelengths. In addition, the 
heating energy within the oven may be fiuther elongated (longer wavelengths) once the infrared 
radiation is re-radiated off of reflectors within the oven. According to the invention, the intemal 
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reflectors facilitate substantially even distribution of the infrared energy throughout the oven cooking 
chamber so as to maximize the radiant heat coverage of the food being cooked. 

[0008] Infrared heaters may be selected for the food type to be cooked. The selection of 

preferred infrared wavelengths may be determined by the absorption of these wavelengths by the foods 
being cooked. The more absorption of the infrared radiant energy, the greater the internal heating of 
the food being cooked and thus cooking taking place. However, the less the penetration (absorption) of 
the infrared radiant heat, the better the top browning of the food being cooked without excessively 
drying out the intemal portion of the food being cooked. Therefore, slightly shorter wavelengths 
preferably may be selected for the top heater(s) than the lower heater(s) in the oven cooking chamber. 
The top heater(s) may preferably have a peak emission at a wavelength of from about 1.63 microns to 
about 1.7 microns (1630-1700 nm). The bottom heater(s) preferably may have a peak emission at a 
wavelength of from about 2.0 microns to about 2.2 microns (2000-2200 nm). Both top and bottom 
heaters may also radiate some infrared energy at some percentage of infrared wavelengths that are 
lower and higher than the preferred nominal infrared wavelengths. In addition to the wavelengths of 
the directly emitted infrared energy, the wavelengths of the reflected infrared energy may be ftirther 
elongated once they have been reflected off the walls of the oven cooking chamber and the reflectors 
therein. It is contemplated and within the scope of the invention that radiant heaters that emit longer 
infrared wavelengths may be incorporated for improved cooking performance when baking and 
broiling of foods. 

[0009] According to exemplary embodiments of the invention, the infrared wavelength 

radiation emitting heaters may be cylindrical and may comprise any type of material that can be used 
for resistance heating and is capable of emitting heating energy at infrared wavelengths, e.g., metal 
alloy filament materials such as, for example but not limited to, Ni Fe, Ni Cr, Ni Cr Fe and Fe Cr Al, 
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where the symbols: Ni represents nickel, Fe represents iron, Cr represents chromium, and Al represents 
aluminum. The infrared wavelength emitting filament material may either be exposed or preferably 
enclosed within a high temperature infrared wavelength transparent tube, such as for example, a high 
temperature quartz tube, e.g., 99.9 percent pure quartz (Si02), and may be clear, chemically etched, or 
have extruded grooves therein depending upon the desired infrared wavelength(s) to be emitted. 
Tungsten may be used for the filament when enclosed in a sealed tube. The filament material may be 
heated by an electric current, alternating or direct, to a temperature sufficient for the emission of energy 
at a desired infrared wavelength(s). The infrared wavelength(s) emitted from the heater may be 
changed by changing the voltage applied to the filament material, and/or by changing the operating 
temperature of the heater filament. 

[0010] Some of the infrared wavelength energy may be directed toward the surface of the food 

from heat reflectors located behind the infrared wavelength energy emitter (source). The heat 
reflectors may be designed so as to evenly distribute the infrared wavelength energy over the surface of 
the food for consistent browning thereof. The emitted infrared wavelengths that are radiated directly 
onto the surface of the food being cooked may be selected for optimal browning of the food, and the 
infrared energy reflected by the heat reflectors may be at longer infrared wavelengths than the 
wavelength(s) of the directly radiated infrared energy. The longer wavelength infrared energy will 
penetrate deeper into the food to aid in cooking thereof The heat reflectors may be fabricated from 
aluminized steel, bright chrome plated metal and the like. 

[0011] A gold coating, which is a very efficient reflector of infrared wavelengths, may also be 

placed over a portion of the quartz tube of the heater. This gold coating may be used to direct infrared 
wavelength energy as desired, e.g., toward the surface of the food, and reduce the amount of infrared 
wavelength energy from the side of the quartz tube opposite the surface of the food. Thus the gold 
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coating will substantially reduce the infrared wavelength radiation in directions that are not useful for 
heating, browning and toasting of the food. In addition, the gold coating helps reduce the temperature 
of surfaces behind the gold coating, e,g., facing the oven housing surfaces, the metallic housing of the 
oven may be cool to the touch. The gold coating may be of any thickness, preferably about one micron 
in thickness. 

[0012] Typical conduction and convection ovens rely on first heating up the air and chamber to 

a required temperature before the food is put into the oven for cooking. This creates an inefficient use 
of energy, a loss of time waiting for the oven to preheat, and causes unnecessary heating of the area 
surrounding the oven. According to the invention infrared oven, cooking begins immediately once the 
food is placed inside of the oven and the infrared heaters are tumed on. A substantial amount of the 
infrared radiant heat is directed to cooking the food and does not xmnecessary heat the air in the 
cooking chamber, thus reducing unwanted heat from the invention infrared oven and subsequent 
unnecessary heating of the surrounding areas proximate to the infrared oven. 

[0013] According to an exemplary embodiment of the invention, an infrared oven comprises a 

cooking chamber adapted to receive food to be warmed, cooked, broiled, grilled, baked, toasted, etc, 
infrared wavelength emitting radiant heat sources located inside of the cooking chamber and placed 
above and below where the food is to be cooked, and heat reflectors located adjacent to the infrared 
wavelength emitting radiant heat sources and adapted to direct the infrared radiant heat toward the food 
to be cooked. The oven may also include a shelf, rack, tray, etc, in the cooking chamber on which 
food, e.g., in a pan, tray, dish, bowl, contamer, etc., may be supported. A grilling plate may be used on 
or with the tray for broiHng or grilling of the food. Li addition the infrared oven may be adapted for a 
rotisserie. An enclosure surrounds the cooking chamber, infrared wavelength radiant heat sources and 
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heat reflectors. Controls for the oven may also be attached to the enclosure, and/or be an integral part 
thereof. 

[0014] The infrared oven preferably may have one infrared heater located in a top portion of the 

cooking chamber, hereinafter "top heater," and two infrared heaters located in a bottom portion of the 
cooking chamber, hereinafter "bottom heaters." The top heater may be rated at about 900 to 1000 watts 
and the two bottom heaters rated at about 500 to 600 watts total. The combined total wattage of the top 
and bottom heaters preferably is about 1500 to 1600 watts. 1600 watts is within the continuous duty 
rating of a standard 20 ampere, 120 volt kitchen receptacle, pursuant to the National Electrical Code. 
Thus, no special wiring or receptacle is required for the oven to be used in a typical home or office 
kitchen. The top heater is preferably short to medium wavelength infrared. The bottom heaters are 
preferably medium wavelength. Once the radiation of the bottom heaters is re-radiated from the oven 
walls, the wavelengths of the re-radiated infrared energy become more like medium to long infrared 
wavelengths. It is contemplated and with in the scope of the oven invention that the top and bottom 
heaters may be on at different times or sometimes on simuhaneously together. This independent 
pulsing or patterns of on and off times for the top and bottom infrared heaters allow great flexibiUty on 
how the infrared oven invention can influence the cooking speed and quality of the food being cooked. 
This allows the invention infrared oven to optimally toast and brown food, have good performance for 
cooking. There is no known product on the market that can optimally toast, bake, broil, and re-heat 
food using only one oven appliance. 

[0015] A technical advantage of the present invention is appropriate selection of short, medium 

and long wavelengths of infrared energy so as to deliver a good balance of cooking performance and 
quality, while increasing the speed in which the food is cooked. Another technical advantage is more 
efficient use of power in cooking food. Yet another advantage is using a standard kitchen electrical 
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outlet to power an infrared oven having increased cooking speed and cooking quality. Still another 
technical advantage is the food begins cooking immediately once it is placed in the cooking chamber. 
Another technical advantage is influencing the cooking speed and quality of the food being cooked by 
independently controlling the on and off times of the top and bottom infrared heaters. Another 
technical advantage is having a plurality of heaters such that at least one of the heaters emits a different 
infrared wavelength than the other heaters. Still another technical advantage is controlling the on and 
off times of the heaters where at least one of the heaters emits a different infrared wavelength than the 
other heaters so that the infrared oven may perform optimal cooking profiles for a number of different 
foods. Yet another technical advantage is having an optimal configuration of infrared wavelength 
heaters for toasting and browning of food, and another optimal configuration of the infrared 
wavelength heaters for cooking food. 

[0016] Another technical advantage is more even browning of food being toasted. Still another 

technical advantage is faster and more even toasting of a variety of food, e,g.^ different types of breads 
and pastries. Yet another advantage is good toast color shading on the surface while retaining a 
substantial portion of the moisture content of the food. Still another technical advantage is defrosting 
and toasting of frozen foods. Still another technical advantage is uniform toast shades over non- 
uniform width foods. Yet another advantage is using longer infrared wavelengths in combination with 
the selected browning infrared wavelengths for improving the rate of moisture evaporation of the food 
so as to allow even faster surface browning thereof Other technical advantages should be apparent to 
one of ordinary skill in the art in view of what has been disclosed herein. 
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Brief Description of the Drawings 

[001 7] A more complete understanding of the present disclosure and advantages thereof may be 

acquired by referring to the following description taken in conjimction with the accompanying 
drawings wherein: 

[0018] Figure 1 is a schematic elevational front view of an infrared oven, according to an 

exemplary embodiment of the invention; 

[0019] Figure 2 is a schematic elevational side view of the infrared oven illustrated in Figure 1; 

[0020] Figure 3 is an schematic electrical block diagram of an infrared oven, according to an 

exemplary embodiment of the invention; 

[0021] Figure 4 is a graph of relative radiant intensity (a.u.) plotted as a function of wavelength 

of representative filaments that may be used for the bottom infrared heaters, according to an exemplary 
embodiment of the invention; and 

[0022] Figure 5 is a graph of relative radiant intensity (a.u.) plotted as a function of wavelength 

of representative filaments that may be used for the top infrared heater, according to an exemplary 
embodiment of the invention. 

[0023] The invention may be susceptible to various modifications and alternative forms. 

Specific exemplary embodiments thereof are shown by way of example in the drawing and are 
described herein in detail It should be understood, however, that the description set forth herein of 
specific embodiments is not intended to limit the present invention to the particular forms disclosed. 
Rather, all modifications, alternatives, and equivalents falling within the spirit and scope of the 
invention as defined by the appended claims are intended to be covered. 
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Detailed Description of Specific Embodiments 

[0024] Referring now to the drawings, the details of exemplary embodiments of the present 

invention are schematically illustrated. Like elements in the drawings will be represented by Uke 
numbers, and similar elements will be represented by like numbers with a different lower case letter 
suffix. 

[0025] Referring now to Figure 1, depicted is a schematic elevational front view of an infrared 

oven, according to an exemplary embodiment of the invention. The infrared oven, generally 
represented by the numeral 100, comprises a top infrared wavelength emitting radiant heat source 
(hereinafter top IR heater) 102, bottom infrared wavelength emitting radiant heat sources (hereinafter 
bottom IR heaters) 104 and 106, top radiant heat reflector 108, bottom radiant heat reflector 110, an 
oven chamber 112 adapted for cooking a food 114, food tray 116, a user interface 118, and an oven 
housing 120. A front door 122 (Figure 2) is attached to the oven housing 120 and is adapted to be 
opened and closed, for example, by a handle 124 on the front upper portion of the door 122. The inner 
surfaces of the oven chamber 112, e.g., front wall 128, top wall 130, rear wall 132, interior surface of 
the door 122, and/or combinations thereof, may be coated with suitable material, e.g., porcelain, 
ceramic coatings, to re-radiate IR at a desired wavelength(s), e.g., longer or shorter IR wavelength, etc., 
and/or to achieve a desired operating effect, e,g., a "brick oven." 

[0026] The top IR heater 102 is positioned so as to emit infrared radiant heat directly onto the 

surface of the food located in the oven chamber 112. The top radiant heat reflector 108 is preferably 
designed to evenly distribute reflected infrared radiant heat energy over the food 114 from the top IR 
heater 102. The top IR heater 102 may comprise one or more infrared radiant heat sources. The top 
IR heater 102 may have a peak emission preferably at a wavelength of from about 1.63 microns to 
about 1.7 microns (1630-1700 nm). 
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[0027] The bottom IR heaters 104 and 106 are located below the food tray 116. The bottom 

radiant heat reflector 110 directs the infrared radiant heat energy into the food 1 14 from the bottom IR 
heaters 104 and 106. The bottom IR heaters 104 and 106 preferably emit lower infrared wavelengths 
for deeper penetration of food during cooking. The lower infrared wavelengths may pass through the 
food tray 116 and/or be reflected from the bottom radiant heat reflector 110, and/or walls of the oven 
enclosure 120. The bottom IR heaters 104 and 106 may have a peak emission preferably at a 
wavelength of from about 2.0 microns to about 2.2 microns (2000-2200 nm). The food tray 116 may 
be a wire screen, heat resistant glass or ceramic, a metal pan, a grilling plate having vertical ridges 
thereon (not shown), etc. 

[0028] The top heater(s) 102 may preferably have a peak emission at a wavelength of from 

about 1.63 microns to about 1.7 microns (1630-1700 nm). The bottom heaters 104 and 106 preferably 
may have a peak emission at a wavelength of from about 2.0 microns to about 2.2 microns (2000-2200 
nm). 

[0029] Both the top IR heater 102 and bottom IR heaters 104 and 106 may also radiate some 

infrared energy at some percentage of infrared wavelengths that are lower and higher than the preferred 
nominal infrared wavelengths. In addition to the wavelengths of the directly emitted infrared energy, 
the wavelengths of the reflected infrared energy may be ftirther elongated once they have been 
reflected off the walls of the oven cooking chamber 120 and the reflectors 108 and 110 therein. It is 
contemplated and within the scope of the invention that radiant heaters that emit longer infrared 
wavelengths may be incorporated for improved cooking performance when baking and broiling of 
foods. 

[0030] The reflectors 108 and 1 10 are shaped so as to reflect the infrared radiant heat from the 

top IR heater 102 and the bottom IR heaters 104 and 106, respectively, onto the food in the oven 
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chamber 112. The infrared radiant heat reflected from the reflectors 108 and 110 may be at a longer 
wavelength than the directly emitted infrared radiant heat from the top ER heater 102 and the bottom IR 
heaters 104 and 106, respectively. This longer wavelength infrared radiant heat penetrates deeper into 
the food, thus shortening the moisture evaporation time of the food before surface browning may occur. 
The wavelengths of infrared radiated heat may be from about 1 to about 3 microns, preferably from 
about 1.5 to about 2.5 microns, and most preferably at about 1.63 microns for the top IR heater 102 and 
about 2. 1 1 microns for the bottom IR heaters 104 and 106. 

[0031] The top IR heater 102, and bottom IR heaters 104 and 106 may be comprised of a 

filament (not shown) whereby electrical current is passed through the filament so as to heat the 
filament to a temperature at which a desired wavelength(s) of infrared energy is radiated therefrom. 
The top IR heater 102, and bottom IR heaters 104 and 106 may radiate a plurality of wavelengths of 
infrared energy as well as wavelengths of visible light. Material for and electrical current through the 
top IR heater 102, and bottom IR heaters 104 and 106 are selected so that the heaters produce 
predominantly the desired infrared wavelength or wavelengths for cooking the food. The filaments 
may be comprised of any type of material that can be used for resistance electric heating and is capable 
of emitting radiant heating energy at infrared wavelengths, e.g.y metal alloy filament materials such as, 
for example but not limited to, Ni Fe, Ni Cr, Ni Cr Fe and Fe Cr Al, where the symbols: Ni represents 
nickel, Fe represents iron, Cr represents chromium, and Al represents aluminum. The filaments may be 
exposed or, preferably, enclosed within a high temperature infrared wavelength transparent tube, such 
as for example, a high temperature quartz tube (not shown). The quartz tube may be clear, chemically 
etched, or have extruded grooves therein depending upon the desired infrared wavelength to be emitted 
therethrough. Tungsten may be used for the filament when enclosed in a sealed tube. The top IR 
heater 102 may consume about 900 to 1000 watts of power, and the bottom IR heaters 104 and 106 
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may consume about 500 to 600 watts of power, for a total power consumption of approximately 1500 
to 1600 watts, well within the rating of a standard 20 ampere, 120 volt wall receptacle in a home or 
business, e.g., kitchen receptacle. It is contemplated and within the scope of the present invention that 
other operating voltages and currents may be used so long as the desired infrared wavelengths of 
radiant heat energy are produced. 

[0032] It is contemplated and within the scope of the invention that the aforementioned top JR 

heater may be located on one side of the food being cooked and the bottom IR heater may be located 
on another side of the food being cooked (not shown). 

[0033] The housing 120 may be metal or non-metalUc, e.g., plastic, fiberglass, etc, or some 

combination of both. The housing 120 is open at the front so that the food may be inserted into the 
oven chamber 112 when the door 122 is open. An oven control panel 118 comprises controls for the 
oven 100 and may be attached on or to the housing 120. A gold coating (not shown) may be appUed to 
the quartz glass tubes for reflecting the infrared wavelength energy away from the portions of the 
quartz glass tubes that do not substantially contribute to the radiant heating and browning of the food. 
The gold coating will help in reducing the surface temperature of the housing 120. In addition, an air 
space between the housing 120 and the reflectors 108 and 110 also aid in reducing the surface 
temperature of the housing 120 during cooking of the food. 

[0034] Referring now to Figure 3, depicted is a schematic electrical block diagram of an 

infrared oven, according to an exemplary embodiment of the invention. Power may be applied to the 
top IR heater 102 through power switch 312, to the bottom IR heater 104 through power switch 306, 
and to the bottom IR heater 106 through power switch 310. The power switches 306, 310 and 312 may 
be controlled with a digital processor 302, e.g., microprocessor, microcontroller, application specific 
integrated circuit (ASIC), field programmable gate array (FPGA), etc. The digital processor 302 may 
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receive input information from a door interlock 308, and the user interface 118. The door interlock 308 
indicates when the door 122 is open and/or closed. The user interface 118 allows interaction with a 
user of the oven 100. The digital processor 302 may be programmed with predetermined routines for 
optimal cooking of various types of foods, e.g., steak, hamburger, pizza, pasta, dinner rolls, bread, 
toast, cookies, pies, turkey, chicken, pot roast, pork, tofii, meatloaf, vegetables, pastries, etc. The 
digital processor 302 may independently control each of the IR heaters 102, 104 and 106 for any 
combination of heating, cooking, browning, toasting, baking, broiling, defrosting, etc, desired. The 
digital processor 302 may also control a rotisserie motor 314 through a power switch 316. The 
rotisserie motor 316 may be controlled according to appropriate routines for rotisserie cooked foods. 

[0035] Referring to Figure 4, depicted is a graph of relative radiant intensity (a.u.) plotted as a 

function of wavelength of representative filaments that may be used for the bottom infrared (IR) 
heaters 104 and 106, according to an exemplary embodiment of the invention. In this embodiment, the 
filament of each of the bottom infrared heaters 104 and 106 is preferably made of Fe Cr Al, where Fe 
represents iron, Cr represents chromium, and Al represents aluminum. The vertical axis of the graph 
depicts the relative radiant intensity (a.u.) and the horizontal axis depict the wavelength relative to the 
vertical axis intensity. Curve A represents a first sample of a filament tested and curve B represents a 
second sample of another filament tested. The curves generally indicate a peak emission at about 
2 microns (2000 nm). The first and second sample filaments each drew about 250 watts of power at 
about 120 volts. 

[0036] Referring to Figure 5, depicted is a graph of relative radiant intensity (a.u.) plotted as a 

fimction of wavelength of representative filaments that may be used for the top infrared (IR) heater 
102, according to an exemplary embodiment of the invention. According to this exemplary 
embodiment, the filament of the top IR heater 102 is preferably made of tungsten. The vertical axis of 



HOU02:960221 



13 



Client Reference: PD-W-0668 Attorney Dcx:icet No. : 074 1 04.0 1 1 3 

the graph depicts the relative radiant intensity (a.u.) and the horizontal axis depict the wavelength 
relative to the vertical axis intensity. Curve C represents a first sample of a timgsten filament tested 
and curve D represents a second sample of another tungsten filament tested. The curves generally 
indicate a peak emission at about 1.65 microns (1650 nm). The sample tungsten filaments each drew 
about 1000 watts of power at about 120 volts. 

[0037] The invention, therefore, is well adapted to carry out the objects and to attain the ends 

and advantages mentioned, as well as others inherent therein. While the invention has been depicted, 
described, and is defined by reference to exemplary embodiments of the invention, such references do 
not imply a limitation on the invention, and no such limitation is to be inferred. The invention is 
capable of considerable modification, alteration, and equivalents in form and fimction, as will occur to 
those ordinarily skilled in the pertinent arts and having the benefit of this disclosure. The depicted and 
described embodiments of the invention are exemplary only, and are not exhaustive of the scope of the 
invention. Consequently, the invention is intended to be hmited only by the spirit and scope of the 
appended claims, giving fiiU cognizance to equivalents in all respects. 
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